Water is one of the most critical nutrients for humans in ensuring good health and well-being. Interestingly, majority of the vulnerable subpopulations of women in Ghana do not meet the daily recommended water intake set by the Ghana's Ministry of Health yet the socio-economic/ demographic factors and dietary patterns influencing water intake are lacking. This study investigated the socio-economic/ demographic factors and dietary patterns influencing water intake. A total of 1,548 women with water and food intake data from the 2008 Ghana Demographic Health Survey (GDHS), which is a representative nationwide cross-sectional study, was used. 83% of the women did not meet the recommended daily water intake. Of four dietary patterns ('Beverage & sugary based', 'Meat based', 'Indigenous-tuber based' and 'Indigenous-grain based') emerging, meat based dietary pattern, seasonality, body mass index (BMI), and alcohol consumption emerged as key determinants of water intake. In summary, seasonality, dietary patterns and some key socio-economic/ demographic factors were identified as determinants of water intake. The identified determinants can serve as a basis for nutrition intervention and policies for women in Ghana.
Introduction
Water is one of the most critical nutrients for humans (Jéquier & Constant, 2010; Kleiner, 1999 ; Manz, Wentz, & Sichert-Hellert, 2002), short term inadequacy or absence of it can be lethal. Several countries and multinational organizations have developed water intake recommendations based on national estimates of water intake to ensure adequate water intake at population level (EFSA Panel on Dietetic Products & Allergies, 2010; Electrolytes & Water, 2005; Gibson & Shirreffs, 2013; Organization, 2005) . The Institute of Medicine (IOM) recommends 3.3 and 2.3 liters of total water intake per day for men and women respectively while the European Food Safety Authority (EFSA) recommends 2.5 liters of water for men and 2.0 for women (Gandy, 2015) . World Health Organization (WHO) on the other hand, recommends 2.2 liters for females and 2.9 liters for males in sedentary temperate environments (Grandjean, 2004) . Total water needs can be met by plain drinking-water, beverages, and moisture from foods (Campbell, 2004; Kant, Graubard, & Atchison, 2009; Vieux, Maillot, Constant, & Drewnowski, 2016) . Generally, it is suggested that plain water and beverages supply much more of total daily water than food moisture (Drewnowski, Rehm, & Constant, 2013a , 2013b ; Stern, Piernas, Barquera, Rivera, & Popkin, 2014). Additionally, the overall percentage of water intake or water in foods vary between countries and seasons, depend on food types and dietary patterns (Gandy, 2015) .
Many countries use only plain water recommendations as water in food is not always available in food composition tables and unavailability of metabolic water (Gandy, 2015) . These issues point to the unreliability of total water intake data in population surveys (Gandy, 2015) . In Ghana, total water intake is currently lacking and no dietary reference values exist. With limited information on total water intake, the Ministry of Health of Ghana recommends drinking at least 8 glasses of water a day (GSS, 2009). Using this recommendation, only 17% of the vulnerable subpopulation of women meet the recommended daily water intake (GSS, 2009). Interestingly, socioeconomic/ demographic factors and dietary patterns influencing water intake among Ghanaian women have not previously been explored at the national level. This study utilized the 2008 Ghana Demographic and Health Survey (GDHS) survey data to investigate the socio-economic/ demographic factors and dietary patterns influencing water intake.
Materials and Methods Study design and subjects
This paper analysed the 2008 GDHS data which is nationally representative. The survey aimed to collect, analyse, and disseminate information on housing and household characteristics, education, maternal health and child health, nutrition, family planning, gender, domestic violence, knowledge and behaviour related to HIV/AIDS (GSS, 2009).
The survey used a two stage sample design based on the 2000 Population and Housing Census to produce estimates for key indicators in Ghana. The first stage involved selection of sample, a total of 412 clusters. The second stage of selection involved a systematic sampling of 30 households in each cluster with the aim of ensuring adequate numbers of completed individual interviews. A total of 12,323 households were selected. From these sampling units 11,778 households were interviewed, giving a response rate of 99%.
In half of the households selected for the interview/survey, all eligible women aged 15-49 and all eligible men aged 15-59 were interviewed with the Women's and Men's Questionnaires, respectively. A total of 4,916 women aged 15-49 and 4,568 men aged 15-59 from 6,141 households were interviewed (GSS, 2009). The response rate for the interview for the men and women were 96% (of 4,769) and 97% (of 5,096), respectively. Ethical approval for the study was obtained from ICF Macro Institutional Review Board (IRB) in Calverton, Maryland, USA and the Ghana Health Service Ethical Review Committee in Accra, Ghana. Details of the GDHS research design and methods have been published elsewhere (GSS, 2009).
Water and food consumption assessment
The survey used three types of questionnaires: the household questionnaire, the men's questionnaire and the women's questionnaire. The women's questionnaire was used to obtain information on all women (15-49 yrs) . This study used the data gathered from the women's questionnaire. The women's questionnaire included questions on women typical water consumption and food consumption during the day and night preceding the day of the interview. They were specifically asked: How many glasses of water do you drink in one day on average? The food intake questions were only asked to women who had children under the age of 3 years and were living together. In extracting this category of women, Authors had a total of 1548 women in all. Water intake was in glasses, qualitative responses on women were obtained based on their answers ('yes' for consumption or 'no' for nonconsumption) to a pre-determined list of food items.
Statistical analysis
Data analyses were carried out using SAS 9.4 (SAS Institute Inc., Cary, NC, USA.). Distribution of women typical water intake by socioeconomic/ demographic factors and dietary patterns was examined by Pearson chi-square test. Dietary patterns of the women were identified by subjecting food items reported in SP 1 to principal component analysis (PCA) as the extraction procedure.
Multivariable logistic regression was used to examine the relationship between socio-economic/ demographic determinants, dietary patterns (SP 1) of women and typical water consumption. All the studied covariates were simultaneously adjusted in the multiple regression model. Researchers modelled the probability of inadequate water intake (≤ 7 cups of water/day) as the outcome of interest. For the determinants of water intake, consumption in the whole study population was used for the purposes of simplicity. However, the analysis adjusted for sub strata (pregnancy status). Key covariates used included: Number of household members, month of interview, age, body mass index (BMI), religion, ethnicity place of residence, region of residence, wealth index, kind of union, and consumption of alcohol. Statistical significance was set at P < 0.05. The results are presented as coefficients with their corresponding p-values. Coefficients have been used as they are easy to interpret. Table 1 (second column) indicates the distribution of the socioeconomic/ demographic factors of women. Key highlights of essence is that majority of the households (62%) had a membership of >4, most of the households (31%) belong to the poorest quintile. Majority of the women (67%) had a normal BMI while most of the women (66%) lived in rural areas. 20% of the women consume alcohol and a small fraction of the women (7%) were currently pregnant. On water intake by sociodemographic characteristics distribution (Table 2) , there were no significant differences between pregnant and nonpregnant women, household size, ethnicity, kind of union, and alcohol usage. Older women, women from richer households, and women from urban residencies were more likely to have adequate intake of water daily than younger women, women from poorer households, and women from urban residencies respectively (p<0.05). Overweight and obese women were more likely to meet the recommended daily intake of water than normal and underweight women. Dietary patterns indicate that women in the upper tertiles of meat based and indigenous-grain based dietary patterns were more likely to meet the recommended daily intake of water than those in the lower tertiles (p<0.05). Interestingly, women interviewed in November were more likely to meet the recommended daily intake of water than those interviewed in September and October. 
Results

Socio-economic/ demographic factors distribution and water intake
Determinants of water intake
Determinants of water intake are presented in Table 1 . Women who were not consuming alcoholic beverages, were interviewed in September or October, were in the upper tertiles of the meat based dietary pattern, and were either underweight or had normal BMI were at risk of not meeting the recommended daily intake of water of 8 glasses or more per day.
Discussion
In this national representative sample, younger women, women from low income households, and poorer places of residence were associated with inadequate water intake. This finding is similar to other studies: which indicate higher water consumption for women in their 40s as compared to those in their 20s (Rosinger & Herrick, 2016) , and higher risk of inadequate water intake in Lower-income adults as compared to higher-income adults (Brooks, Gortmaker, Long, Cradock, & Kenney, 2017) . This buttresses the notion that socioeconomic disparities in inadequate water intake are related to differences in water intake (Brooks et al., 2017) , which may point to unequitable access to portable water. The socio economic status though vital, did not remain significant in the multiple logistic regression.
The association of underweight women not meeting and overweight/obese women meeting their daily recommended intake may suggest that people who take less/more food or other nutrients turn to do same for water (Bankir, Perucca, Norsk, Bouby, & Damgaard, 2017). The results further indicate that seasonality is a key determinant for water intake as women interviewed in November, which is relatively a dryer and warmer month across the country, turn to take in more water than those interviewed in September and October which are relatively moist.
Our findings on consumption of alcoholic beverages being a determinant of adequate water intake is similar to some findings in Japan, Germany, and Spain on the contribution of fluids to total food intake (Guelinckx et al., 2015) . The diuretic effect of alcohol might be a contributive factor for water intake in this dietary pattern. Although this finding is positive for alcohol, considering the negative health risks associated with alcohol consumption, excessive intake of alcohol should not be encouraged. Dietary patterns are associated with water intake; it is thus not surprising that individuals in the middle tertile of the meat based dietary pattern turn to consume less water.
The strengths of this study include the use of a nationally representative sample. Additionally, it serves as a possible basis for studies on total water intake and the association between water intake and development of diseases. To the best of our knowledge this is the first study to investigate the socio-economic/ demographic factors and dietary patterns influencing water intake of Ghanaian women at the national level.
Authors acknowledge limitations in our study. The Ghana demographic and health survey was not originally designed for detailed water intake assessment as such only quantitative data on plain water intake were obtained. However, Ghana's Ministry of Health recommendation on the number of glasses of water intake per day accommodated for this limitation. The current findings are based on old data set (10 years) though it is the latest national data with water intake for women, it is possible it may not represent current intakes. Further studies are needed to confirm the present findings and to ascertain whether or not water intake has changed over the past decade. The application of this results may be limited to settings similar to Ghana.
Conclusion
Seasonality, some key socio-economic/demographic factors and dietary patterns were identified as determinants of water intake. These findings are hoped to provide scientific bases to guide interventions, recommendations, and policy programs targeted at women in Ghana. Additionally, it serves as a model for further research and a possible basis for studies on total water intake and the association between water intake and development of diseases.
